and A' states have been determined relative to X 1~g+(03BD = 0, J = 0) to be T0 = 40 331.6 ± 1.6 cm-1 and To = 9 988.7 ± 1.6 cm-1, respectively. The mechanism of this double resonance is discussed. Efficient collisional transfer to the D' state is observed and helps to shed some light on the operation of the optically pumped I2 D'-A' laser.
1. Introduction. - The 340 nm transition in I2 was suggested as a possible interesting U-V laser by
McCusker and coworkers [1] ] and laser action was originally obtained using electron beam excitation [2] [3] [4] . The efficiency of the system was found however to be rather low and interest in it quickly diminished. This transition has also been optically pumped in the presence of buffer gases, using light from exploding wires [5] . The efficiency of this system however has also proved to be low. But Zuev et al. [6] , pumping with a conventional quartz lamp, obtained pulsed operation with an output energy of 10-50 mJ per pulse. Recently, laser action was obtained using optical excitation with an ArF laser at 193 nm [7] with surprising intrinsic energy conversion efficiency of approximately 30 %, equivalent to a photon efficiency greater than 50 %.
Despite a number of studies of I2 emission in the visible and UV range [1, [8] [9] [10] [11] [12] [13] [14] , little is known about the collisional transfer involved in this U-V laser.
A spectroscopic study of this transition was performed by Tellinghuisen [ 11 ] , who attributed it to the 12 D(3 172g)&#x3E;, A'(3 n 2u) (1) system and gave an isotopic vibrational analysis. However, he could not locate the absolute energies of those two states. A more complete analysis will be published by Tellinghuisen [11&#x26; ].
The lower level of this transition is also of interest in regard to the C.W. chemical atomic iodine laser [ 15] . [7] . The peak appearing at 325 nm (Fig. 3) fitting procedure was used. First, the distortion constants were set to zero and the resulting G(v") and B(v") obtained from the fit were used to construct an RKR curve for the 2u state. Then the distortion constants were calculated from the RKR potential using a program by Hutson [19, 20] . These values were used in a second fit and the procedure was repeated until no significant change in the successive fits was observed. The results for the 2u state are presented in table I a. These constants result from a weighted fit of 720 lines and the RMS error of the fit is 0.07 cm -1. (20 043 .063 ± 0.020 cm -1 ) [24] and the atomic I 2 P 1 J2-2P3/2 energy separation (7 602 .977 ± 0.003 cm-1) [25] .
An example of this extrapolation procedure can be found in reference [23] . The interaction potential of the two atoms in the long-range region is approximated by :
where Do is the dissociation limit, R is the internuclear distance, C,, is a constant, and n is some weighted average (in general non-integer) of the powers of the locally important terms.
The energy G(v) of the vibrational levels may then be expressed as [21, 22, 26] where VD is the effective vibrational index at the dissociation limit and Xo(n) is given by :
where T is the gamma function and p is the reduced mass.
The observed values of G(v) were least squares fitted to equation (3) for the highest v" levels measured to obtain the parameters n, vD, C., and G(vD). Figure 6 shows the results from several fits where the number of v" levels used is varied from v" = 42- (a) Experimental data adjusted to give known value of G(v,) (see text).
(') Te is defined as the energy difference between the minima of the A'(2u) and X(lEg ) potential energy curves. The X( 1 Eg ) (v = 0, J = 0) level lies 107.107 cm -1 above the minimum of the X(lEg ) curve [38] . (a) From references [24] and [28] (see text).
(b) From reference [28] .
(C) The value of C8 is only roughly estimated from reference [24] determined from this fit, (3.9 ± 1. 0) -10' A' cm -, is too large, probably since in the range of R sampled C. is really closer to C6, because in equation (2) n - 6 (see Tables III and IV) [ 18] . We have decreased the vibrational numbering of reference [ 18] We used the data of reference [18] with the new vibrational numbering for the a-state to construct [18] calculated (Be -ae(v +'t)). Constants determined from data of reference [18] (Tables II and V) figure 8 using Mulliken's method [29, 30] . Energy and momentum conservation imply that all permitted transitions will have frequencies E' -E", defined by subtracting the vibrational kinetic energy from the difference of the two potential curves (dashed lines on figure 8 ).
It is clear from figure 8 when other nearby states are excited (see figure 10 , section 7. I). In the presence of sufficient buffer gas, vibrational relaxation within the 2g state occurs which populates the lower vibrational levels. Thus the fact that the 2g-2u emission peaks at 342 nm [7] is easily explained. This effect is also displayed in figure 3 . It has been suggested by Zuev et al. [6] that it should be possible to construct an optically pumped 340 nm D'-A' I2 laser with a sealed I2 gain cell. For efficient operation the pump source should be centred in the 180-210 nm region in order to optimally excite the allowed low lying charge transfer states [31, 32] One possibility is that the 1 g state (Fig. 1) is excited [35] . However, if that were the case strong Ig-lu or 1 g-2u spectra would be observed [35] . Hence, the D'(2g) state must be excited directly. Figure 9 shows a schematic diagram of this direct excitation mecha- [13] from the data of Hemmati and Collins [14] .
The same arguments presented above may be applied to the excitation of the D(Ou ) state (see [28] .
In the work of King et al. [18, 24] [42] . Thus, the excitation mechanism of the D' state in references [18] and [24] 
